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Background
In low-resource settings, many programs recommend that women who are infected with the human immunodeficiency virus (HIV) stop breast-feeding early. We conducted a randomized trial to evaluate whether abrupt weaning at 4 months as compared with the standard practice has a net benefit for HIV-free survival of children.
Methods
We enrolled 958 HIV-infected women and their infants in Lusaka, Zambia. All the women planned to breast-feed exclusively to 4 months; 481 were randomly assigned to a counseling program that encouraged abrupt weaning at 4 months, and 477 to a program that encouraged continued breast-feeding for as long as the women chose. The primary outcome was either HIV infection or death of the child by 24 months.
Results
In the intervention group, 69.0% of the mothers stopped breast-feeding at 5 months or earlier; 68.8% of these women reported the completion of weaning in less than 2 days. In the control group, the median duration of breast-feeding was 16 months. In the overall cohort, there was no significant difference between the groups in the rate of HIV-free survival among the children; 68.4% and 64.0% survived to 24 months without HIV infection in the intervention and control groups, respectively (P = 0.13). Among infants who were still being breast-fed and were not infected with HIV at 4 months, there was no significant difference between the groups in HIV-free survival at 24 months (83.9% and 80.7% in the intervention and control groups, respectively; P = 0.27). Children who were infected with HIV by 4 months had a higher mortality by 24 months if they had been assigned to the intervention group than if they had been assigned to the control group (73.6% vs. 54.8%, P = 0.007).
Conclusions
Early, abrupt cessation of breast-feeding by HIV-infected women in a low-resource setting, such as Lusaka, Zambia, does not improve the rate of HIV-free survival among children born to HIV-infected mothers and is harmful to HIV-infected infants. (ClinicalTrials.gov number, NCT00310726.) B reast-feeding poses a dilemma for women who live in low-resource settings and who are infected with the human immunodeficiency virus (HIV) because the practice can transmit HIV but is the source of optimal nutrition and protection against other serious infectious diseases. [1] [2] [3] [4] Early cessation of breast-feeding has been recommended to balance these competing risks favorably -reducing postnatal transmission of HIV while preserving the nutritional and immunologic benefits of breast-feeding at the time when they are needed most. [5] [6] [7] [8] Postnatal transmission of HIV occurs throughout the duration of breast-feeding, but there are conflicting data on the question of whether the risks are evenly distributed between younger and older children. [9] [10] [11] [12] [13] [14] The benefits of breast-feeding for reducing the incidence of complications and death from non-HIV infectious disease, although known to extend into the second year, are greatest in the first few months of life. [15] [16] [17] Exclusive breast-feeding confers lower risks of postnatal transmission of HIV than predominant or partial breast-feeding [18] [19] [20] but is recommended only for 6 months, after which infants require other foods to complement breast milk. 21 If early weaning is to be encouraged for HIV-infected women, the end of exclusive breast-feeding offers a logical end point. In low-resource settings, many programs that attempt to prevent mother-to-child transmission of HIV have recommended abrupt or rapid weaning to minimize the period of nonexclusive breast-feeding.
We conducted a randomized trial among HIVinfected women in Lusaka, Zambia, to evaluate whether exclusive breast-feeding to 4 months, followed by abrupt weaning, would reduce the postnatal transmission of HIV and mortality through the first 2 years of life. Four months was selected as the weaning time because this was the minimum duration of exclusive breast-feeding that was recommended at the time the study was designed 22 and was considered to be a reasonable period for exclusive breast-feeding to be maintained. Equipoise existed to justify a randomized trial, since although the benefits of early abrupt weaning seemed plausible, there were no experimental, and only limited epidemiologic, data to justify it. The design of the study was constrained by ethical considerations regarding the random assignment of children to replacement feeding from birth, given the vulnerability to infectious diseases of non-breast-fed infants in Zambia, or to nonexclusive breast-feeding from birth, given the established benefits of exclusive breast-feeding for infant health [15] [16] [17] and the increased risk of HIV transmission with mixed feeding. [18] [19] [20] Me thods
Study Design
The study was an unblinded, randomized trial of a behavioral intervention among HIV-infected women to encourage exclusive breast-feeding to 4 months, followed by the abrupt cessation of breast-feeding, as compared with the standard practice of continued breast-feeding for a longer period. 23 The authors designed the study, supervised the clinical staff in the collection of the data, conducted the analyses, and wrote the manuscript. All of the authors vouch for the completeness and accuracy of the data and analyses.
Study Population
HIV-infected women were recruited from two antenatal clinics in Lusaka, Zambia, that offered voluntary HIV testing and counseling and single-dose nevirapine prophylaxis. 24,25 Between May 2001 and September 2004, a total of 1435 HIV-seropositive women who were pregnant (less than 38 weeks' gestation) were recruited as potentially eligible trial participants. Women could volunteer if they intended to breast-feed for any length of time, accepted treatment with nevirapine, and agreed to be randomly assigned to the intervention or control group. Exclusion criteria were severe pregnancy complications (e.g., preeclampsia), previous cesarean delivery, and HIV-related conditions requiring hospitalization. Women were encouraged to involve their husband or partner or another family member before joining the study. All women provided written informed consent. The study was approved by human subjects committees at all the participating institutions.
Study Intervention
Participants were randomly assigned to one of two groups. The experimental intervention encouraged women to breast-feed exclusively to 4 months and then to stop breast-feeding abruptly, or as rapidly as possible. Beginning at the 2-month visit, women were counseled to prepare for abrupt cessation. Preparation included practice in cup-feeding of expressed milk, information about nutritional re-quirements during weaning, and correct preparation of formula and complementary foods, as well as counseling to anticipate possible weaning problems such as breast engorgement and the inability to comfort the child through breast-feeding. A 3-month supply of infant formula and fortified weaning cereal was provided. Extensive counseling was given to make replacement feeding as safe as possible. This included demonstrations and practical training sessions in preparing the products, education about the importance of using only boiled water for the preparation of formula and of not storing any remaining formula, correct feeding frequencies and dilutions, and household hygiene. Insulated thermoses for storing boiled water were provided. Cup-feeding was encouraged to minimize the hazards associated with the use of infant bottles. Around the time of weaning, there was weekly contact with the women, including at least two home visits. Women were encouraged to make the transition from formula to the weaning cereal (a product that was developed and tested in Zambia by the U.S. Department of Agriculture and was based on the local staple, maize meal, and fortified with milk powder, sugar, oil, and micronutrients) because the cooking process made the cereal a safer product. The infants were monitored over this period for any slowing in growth, and family planning was encouraged. Women in the control group were encouraged to breast-feed exclusively to 6 months, gradually introduce complementary foods (not provided), and continue to breast-feed for a duration of their own informed choice (standard practice).
Randomization
At 1 month post partum, participants who were still breast-feeding their infants (whose HIV status had not yet been determined) and were willing to continue with the study were randomly assigned to a study group with the use of a computer algorithm that was designed by the study statistician with a randomized permuted-block design within each site. Participants were informed of their assignment at the next (usually second-month) visit to ensure sufficient time for preparation.
Study Procedures
Blood was drawn at the time of enrollment, and two antenatal visits for counseling were scheduled before delivery. Sociodemographic and clinical data were collected at enrollment, and obstetric and neonatal data after delivery. Heel-stick blood samples were collected from the infants on filter paper on the day of birth, at 1 week, and at 1, 2, 3, 4, 4.5, 5, 6, 9, 12, 15, 18, 21 , and 24 months of age. Clinic visits were scheduled at these time points, and information about infantfeeding practices was obtained by different members of the study staff from those performing the counseling. Breast-feeding duration was defined as the time from birth until the exact age that breast-feeding was first reported to have stopped. Children who died were assumed to have been breast-fed up to the date of death unless clinical records indicated that breast-feeding had been stopped before the illness that preceded the child's death. Home visits were scheduled at 4 days after birth and at time points that were interspersed between clinic visits so that contact occurred every 2 weeks for the first 5 months. The infants in the study, including those whose mothers died and those whose mothers did not adhere to the feeding protocol, were followed on this schedule of home and clinic visits through 24 months. Home-visit teams tracked the participants who did not return for appointments. Information about children's deaths was sought from hospital and clinic records and from interviews with caretakers and health care personnel. The circumstances of all deaths were reviewed to identify the causes of death.
Clinical Care and Treatment
Routine antenatal care included screening for syphilis with the use of rapid plasma reagin tests and the treatment of women who had a positive test and their partners with penicillin; prenatal multivitamins including iron; and malaria prophylaxis. Antiretroviral therapy became available in the public sector only after May 2004. 26 Enrolled women who were eligible for treatment according to Zambian guidelines and who provided consent were started on first-line regimens. Cotrimoxazole was given to all infants (infected and uninfected) between 6 weeks and 12 months of age and, after November 2003, to women with CD4 cell counts of less than 200 per cubic millimeter. 27 The children's growth was monitored monthly, and in both study groups, children with evidence of failure to thrive were provided with nutritional supplements.
The * Maternal CD4 cell counts, viral load, hemoglobin, rapid plasma reagin status, and eligibility for antiretroviral therapy (i.e., a CD4 cell count of <200 per cubic millimeter or a CD4 cell count of <350 per cubic millimeter and World Health Organization stage III conditions) were determined on the basis of blood samples and clinical history obtained at enrollment during pregnancy; social and economic characteristics were also measured at this time. † The body-mass index is the weight in kilograms divided by the square of the height in meters. ‡ Of 408 women in the intervention group and 409 women in the control group who had a previous live birth, data on the death of one or more previous children were available for 401 women and 404 women, respectively. § Of 408 women in the intervention group and 409 women in the control group who had a previous live birth, data on the median duration of breast-feeding for last child were available for 394 women and 389 women, respectively.
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Laboratory Studies
Maternal blood collected at enrollment was tested for CD4 and CD8 cell counts (FACSCount, BD Biosciences), hemoglobin (HemoCue system, HemoCue), and viral load (Amplicor HIV-1 Monitor Test, v1.5, Roche). Infant heel-stick samples were tested in batches for HIV-1 DNA by polymerase chain reaction (PCR). 28 All positive results were confirmed in two or more samples, if available; if only one sample was available, it was retested for confirmation. To rule out false negative test results due to an inadequate sample, amplification of the beta-globin gene was performed. Infant diagnostic services were not available in Zambia during the time the study was conducted, so samples were tested in the United States. When the results became available, women were given the opportunity to learn their child's infection status and were recounseled about feeding choices.
Statistical analysis
The study was powered to detect a reduction of 50% or more in the combined outcome of HIV infection or death among the subjects who underwent randomization. 23 All mother-child pairs randomly assigned to study groups (with the first-born infant selected in the case of multiple births) were included in the intention-to-treat analysis. Categorical characteristics were compared between groups with the use of chi-square tests, normally distributed continuous variables with the use of t-tests, and nonnormal continuous variables with the use of Wilcoxon tests. Child death, HIV-free survival, HIV transmission, and breastfeeding duration were treated as time-to-event variables and were analyzed with Kaplan-Meier methods and log-rank tests. The results of these analyses are expressed as Kaplan-Meier probabilities of the end points by a specified time per 100 study participants. For HIV transmission, the midpoint between the last negative and the first positive PCR test was imputed as the event time.
For an analysis of death among uninfected children, data were censored at the time of the last negative test.
R esult s
Study Population
Of the 1435 HIV-infected pregnant women enrolled in the study, 958 women and their infants were randomly assigned to a study group (Fig. 1) .
Of those assigned to study groups, 84% in the intervention group and 86% in the control group were followed to 24 months or reached the study end points of HIV infection or death. The characteristics of the women who were assigned to the two groups were similar at baseline (Table 1 ). Child mortality rates were similar by 24 months in the two groups: 23.9% in the intervention group and 24.6% in the control group (P = 0.96) ( Table 2 and Fig. 2A ). Maternal mortality through 24 months was 9.0% in the intervention group and 8.7% in the control group (P = 0.85).
Adherence to the Intervention
In the intervention group, 69.0% of the women stopped breast-feeding by the end of 5 months.
Of those who stopped, 68.8% reported stopping immediately or within 2 days, 25.1% within 2 to 7 days, and 6.1% in 7 days or more. In the control group, 7.4% of the women stopped breast-feeding by the end of 5 months, and 34.3% by the end of 12 months. The median duration of breastfeeding was 4 months (interquartile range, 4 to 14) in the intervention group and 16 months (interquartile range, 11 to 19) in the control group (P<0.001) (Fig. 2B) .
HIV-free Survival at 24 Months
There was no significant difference in HIV-free survival between the two groups according to the intention-to-treat analysis: at 24 months of age, 68.4% of the children in the intervention group, as compared with 64.0% of those in the control group, were alive and not infected with HIV (P = 0.13). The rate of HIV transmission was slightly lower in the intervention group than in the control group (21.4% vs. 25.8%, P = 0.11), and the mortality rate for uninfected children was similar in the intervention and the control groups (13.6% and 14.4%, respectively; P = 0.81).
Since the feeding practices in the two groups were intentionally the same through 4 months, we restricted the analysis to children who survived Panel A shows survival to 24 months among 481 children assigned to the intervention group, whose mothers were counseled to wean abruptly at 4 months, and among 477 children assigned to the control group, whose mothers were counseled to breast-feed longer than 4 months and to wean according to standard practice. Panel B shows the duration of breast-feeding according to the study-group assignment.
The New England Journal of Medicine without HIV infection (as determined by a negative PCR test at 4 months or later) and who were still being breast-fed at 4 months, in order to maximize the opportunity to detect differences between the groups. In this subgroup, prerandomization characteristics that were possibly related to HIV-free survival were balanced between the study groups (data not shown), but the women in this subgroup had less advanced HIV disease than the women in the overall study population, since women with more advanced HIV disease were more likely to have infants who were infected by 4 months and were therefore not included in this subgroup. The overall proportions of subjects who were excluded were similar in the two groups, but there were differences in the reasons for the exclusions (Fig. 1) . The proportion of children who were excluded because of HIV transmission that occurred before 4 months of age (acquired intrauterine or intrapartum transmission or transmission through breast-feeding before the intervention could take effect) was similar in the intervention group (transmission rate, 15.6%; 71 children) and the control group (transmission rate, 17.6%; 81 children), but more children in the control group than in the intervention group were excluded because of HIV detected within the first 3 days of life (rate of acquired intrauterine transmission, 7.3% vs. 4.4%; P = 0.05). More children in the intervention group than in the control group were excluded because their mothers had stopped breast-feeding them before 4 months (8.4% vs. 4.0%, P = 0.01). Among uninfected children who were still being breast-fed at 4 months, there was no significant difference between the groups in HIVfree survival at 24 months: 83.9% of the children in the intervention group survived to 24 months without HIV infection, as compared with 80.7% in the control group (P = 0.27) (Fig. 3A) . Between 4 and 24 months, rates of postnatal HIV transmission were not significantly different (6.2% in the intervention group and 8.8% in the control group, P = 0.19), and mortality among uninfected children was similar in the two groups (10.7% in the intervention group and 11.7% in the control group, P = 0.71). The causes of death among uninfected children were predominantly diarrheal disease, which accounted for 59% of the deaths in the intervention group and 62% of those in the control group, and respiratory infections, which accounted for 44% and 50% of deaths in the two groups, respectively (more than one cause of death could be assigned). Nineteen percent of the children in the intervention group and 15% of those in the control group died from other causes (including malaria, malnutrition, measles, injury, and unknown causes). There was no significant difference in HIV-free survival between the groups when they were stratified according to the clinical site or evidence of an interaction between baseline characteristics and intervention group. Panel A shows HIV-free survival from 4 to 24 months among children who were uninfected and still breast-feeding at 4 months of age (328 children assigned to the intervention group and 333 assigned to the control group). Panel B shows survival to 24 months among children who had HIV infection by 4 months of age (71 children assigned to the intervention group and 81 assigned to the control group). 
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Effects of Antiretroviral Therapy
The introduction of antiretroviral therapy toward the end of the study did not explain the absence of significant differences between the groups. Only 6 women started antiretroviral therapy before delivery (2 in the intervention group and 4 in the control group), and 107 women started treatment before 24 months (55 in the intervention group and 52 in the control group), a median of 16 months after delivery (interquartile range, 10 to 19) in the intervention group and 17 months (interquartile range, 11 to 21) in the control group. If maternal and infant follow-up time was censored once therapy was initiated, there was still no significant difference between the groups in the rate of HIV-free survival (84.5% in the intervention group and 80.9% in the control group, P = 0.20).
Mortality among HIV-infected Children
We examined the effects of the random assignment to a study group on 152 children with confirmed HIV infection before 4 months of age. The prognosis was poor in both groups, with cumulative mortality rates by 24 months of 77.1% in the intervention group (median survival, 8 months) and 61.1% in the control group (median survival, 17 months) (P = 0.02) ( Table 2 ). There was no significant difference in mortality between the groups until 4 months of age, but among children who were alive at 4 months, mortality rates by 24 months were 73.6% in the intervention group and 54.8% in the control group (P = 0.007) (Fig. 3B) .
Discussion
There was no significant benefit in HIV-free survival to 24 months among the infants of HIVinfected mothers who were encouraged to stop breast-feeding abruptly at 4 months as compared with the infants of mothers who were encouraged to wean their infants according to the standard practice and who continued breast-feeding for a median of 16 months. Early cessation of breast-feeding has substantial programmatic costs, including the provision of breast-milk substitutes, and carries risks that are difficult to quantify, including the disclosure of HIV status, stigmatization, increased fertility, and possible spillover effect in the uninfected population. The costs and risks of terminating breast-feeding early may be justifiable if a net benefit with respect to child health can be achieved, but radical changes in usual breast-feeding practices should not be encouraged in the absence of demonstrated benefits for HIV-free survival. Early cessation of breast-feeding was not universally accepted in the study population. Despite consenting to this practice at enrollment, receiving intensive counseling, and being provided with formula and complementary foods, only approximately 70% of the women in the intervention group weaned their infants early. This finding is not surprising, since prolonged breast-feeding is the norm in Zambia. A limitation of our study is the incomplete compliance with early weaning, as well as the termination of breastfeeding earlier than expected in the control group (one third of the women stopping breast-feeding before 1 year). These observations highlight the difficulty of promoting the practice of early termination of breast-feeding and complicate the interpretation of the results. The failure of women in the intervention group to stop breast-feeding may have minimized the differences in HIV transmission between the two groups and may have made the benefit with respect to HIV prevention too small to offset the increased mortality due to early weaning.
The difference between the two groups in the rate of HIV transmission was less than expected, 6-8 despite different feeding practices. We hypothesize that rapid weaning may be partially responsible. Abrupt weaning is associated with elevations in HIV levels in breast milk and with mastitis. 29 Consequently, any exposure to breast milk during this period may be associated with an increased risk of infection. We underestimated the difficulty of completely eliminating all breastmilk exposures in this context even among women who were highly motivated to wean their infants. It is possible that more gradual weaning could reduce the risk of infection, but this possibility should be empirically evaluated. Estimates of reductions in transmission were based on extrapolation from observational studies (not from trials involving attempts to modify feeding practices) and may have overestimated the benefits of early weaning. 30 If the weaning period itself is a time when the level of infectivity is elevated, then truncating breast-feeding early may have less effect than anticipated. In a post hoc calculation, our study had sufficient power to detect decreases in HIV transmission of 8% or more. A smaller ben- efit would not have been detectable, since we expected the benefit of early weaning to be greater than this. Children who were already infected with HIV before weaning had significantly worse outcomes if they were assigned to the intervention group. We did not anticipate this finding and had initially expected that the progression of HIV disease would override any benefits of breast milk. Theoretically, since formula and weaning cereal were nutritionally replete and fortified with micronutrients, they may have conferred an advantage for HIV-infected children. Our observation of a clear benefit of breast-feeding for HIV-infected children highlights the importance of strengthening infant diagnostic services to triage HIVinfected children into HIV care and treatment 31 and to provide encouragement for continued breast-feeding of infected children. Our data demonstrate the survival benefits, in this setting, of continued breast-feeding into the second year of life for HIV-infected children. Infant-feeding policies for HIV-infected women should take into consideration the special needs of HIV-infected children, since in most circumstances, their status will be unknown in early infancy.
Our results differ from those of a trial in Kenya 32,33 but are consistent with those of a trial in Botswana, which showed that avoidance of all breast-feeding had no benefit with respect to HIVfree survival. 34 Our data are consistent with recently updated recommendations from the World Health Organization that advise continued breastfeeding with complementary foods after 6 months "if replacement feeding is still not acceptable, feasible, affordable, sustainable and safe." 35 We intentionally studied women in a region where economic circumstances were insufficient to ensure safe replacement feeding, so that our results would be generalizable to the populations that are most affected by the epidemic of HIV and the acquired immunodeficiency syndrome in subSaharan Africa. Our results are applicable only to settings where the safety of replacement feeding cannot be ensured.
In the context of a clinical trial that included intensive counseling, provision of formula and complementary foods, use of cotrimoxazole, and modest bolstering of the health care infrastructure, abrupt cessation of breast-feeding at 4 months did not improve the outcomes for children born to HIV-infected mothers. These results suggest that early, abrupt cessation of breast-feeding for HIV-infected women in low-resource settings should be avoided. 
